The authors evaluated the association of three functional promoter polymorphisms of the ADH4 gene with alcohol dependence.
Al cohol metabolism strongly influences drinking behavior and the likelihood of being dependent (1) . Most ethanol is oxidized to acetaldehyde and acetate, mainly by alcohol dehydrogenases (ADH types 1-4) and aldehyde dehydrogenase (ALDH) (2) . Functional allelic variants of ADH1B (*2) and ADH1C (*1) giving ADHs with higher maximum velocity of an enzyme-catalyzed reaction for a given value of enzyme concentration reduce the risk for alcohol dependence (3) (4) (5) .
The gene for ADH4 (ADH4/*ADH) is mapped to 4q22 (6) . Human ADH4 enzyme is found mainly in the liver, and at intoxicating levels of alcohol it may account for as much as 40% of the total ethanol oxidation rate (7). Edenberg et al. (8) reported three polymorphisms in the promoter of ADH4: -192 base-pair (bp) (T/A), -159 bp (G/A), and -75 bp (A/C). These authors analyzed the effects of four different haplotypes (T,A,C; T,G,A; A,G,C; and T,A,A) on gene expression. Two promoters with A at -75 bp had higher ac-tivity than the promoters with C at the same position. Edenberg et al. hypothesized that the -75A allele should have a protective effect against alcohol dependence like the protective effect of the alleles of ADH1B and ADH1C genes with higher maximum velocity.
To our knowledge, this is the first report of an association study with these polymorphisms comparing a group of Brazilian alcohol-dependent patients with a group of normal subjects.
Method
Ninety-two patients with ICD-10-defined alcohol dependence were ascertained at the Institute of Psychiatry, Sao Paulo. Fiftyone of the patients were men and 41 were women; their mean age was 47.3 years (SD=9.7). The 92 comparison subjects were enrolled at the Human Genome Research Center, University of Sao Paulo. Fifty-one of the comparison subjects were men, and 41 were women; their mean age was 45.3 years (SD=11.7). All comparison subjects were screened with CAGE questionnaire (9) for potential alcohol-related disorders. The recommended cutoff score on this instrument for alcohol problems is 2, but we adopted a score of 1 for the selection of the comparison subjects. The healthy subjects were matched for ethnic background with the patients: 76% were Caucasian, and 24% were African Brazilian. All subjects gave written informed consent.
Genomic DNA was extracted from whole blood according to standard procedures (10) and submitted to polymerase chain reaction (PCR) amplification (8) . The PCR products were sequenced using ABI-BigDye kit on an Applied Biosystems Model 377 (Applied Biosystems, Foster City, Calif.). Fifty healthy individuals were typed for ADH1B polymorphism as described elsewhere (3).
We used both chi-square tests and Fisher's exact tests to determ ine th e sign ificance o f d ifferences b etween g rou ps. GENECOUNTING software (version 1.3, March 2003) (11) was used to estimate the haplotype frequencies and to evaluate pairwise measures of linkage disequilibrium with Cramer's V statistics. Corresponding odds ratios were calculated by using the method of Woolf (12) .
Results
Genotype frequencies for the ADH4 gene among alcoholdependent patients and comparison subjects were significantly different for the -75 bp and -159 bp polymorphisms. The differences were still significant after taking ethnicity into account (Table 1 ) and after logistic regression analyses controlling for ethnicity were carried out (data not shown). No association was observed for the -192 bp polymorphism (p>0.05). The homogeneity of the study group for the ADH4 polymorphisms allows the grouping of the data from the two ethnic groups. The -75C allele (odds ratio=1.6, 95% CI= 2.4-1.05, p<0.05) and the -159A allele (odds ratio=2.2, 95% CI=3.3-1.4, p<0.001) were associated with alcohol dependence (data not shown). The GENECOUNTING program generated eight different haplotypes among patients and comparison subjects ( Table 2 ). The haplotypes A,A,C and T,A,C were significantly more frequent among patients (p= 0.01 and p=0.02, respectively) and were considered risk haplotypes. Among comparison subjects the haplotypes T,A,A, and A,G,C were overrepresented (p=0.01 and p=0.02, respectively) and were considered protective.
Haplotypes with the allele -75C and the allele -75A were then compared. The same analysis was done with the -159A and -159G alleles and finally for haplotypes with both -75C and -159A alleles versus all others. The combination of both risk alleles on one haplotype showed an odds ratio of 2.9 (95% CI=4.73-1.89, p<0.00001).
To test linkage disequilibrium between ADH1B functional polymorphism and ADH4 single nucleotide polymorphisms (SNPs), 50 healthy individuals were genotyped. No significant linkage disequilibrium was observed among them (Cramer's V=0.095 for -75 bp, 0.136 for -159 bp, and 0.062 for -192 bp polymorphisms) (p>0.05) (data not shown).
Discussion
Two ADH4 polymorphisms and their haplotypes were associated with greater risk of developing alcohol dependence. In our study group, individuals who carried a cytosine at -75 bp of the ADH4 gene and adenine at -159 bp were three times more likely to develop alcohol dependence. All other probable haplotypes showed a protective or neutral association. We investigated the possibility that the association of these ADH4 polymorphisms with alcohol dependence could be attributable to linkage disequilibrium with the ADH1B locus. This seems not to be the case, given the low linkage disequilibrium between the SNPs. Additionally, published data have shown that there is no significant linkage disequilibrium between the ADH1 and ADH4 loci (13) .
Edenberg et al. (8) reported a higher expression for the -75A allele and suggested it should be protective against alcohol dependence. Moreover, they reported that the T,A,C and T,A,A promoters had lower and higher levels of expression, respectively. We agree with these authors because T,A,C-found mainly among patients-was a risk factor in our study and T,A,A-significantly overrepresented in the comparison group-was protective. The effect of our other risk haplotype-A,A,C-on promoter function was not measured by Edenberg et al. The only exception was that the haplotype A,G,C, reported by them to lower expression, was apparently protective in our sample.
In short, our results suggest a role for common ADH4 promoter polymorphisms in the etiology of alcoholism. Given that our study group is small, and there is a possibility of genetic stratification, these findings need to be replicated in larger and different populations. In addition, further genotyping of the other ADH gene polymorphisms will be necessary in large samples to investigate the possibility of linkage disequilibrium. However, this association is with common alleles/haplotypes and is functionally plausible.
